At the present time device hermeticity is secured by means of a welded titanium canister. The future in active implantables is to make devices very small and light weight. For example, designs for retinal implants include using a conformal coating (parylene) to form a moisture barrier between the active electronics and body fluids [1] . It is likely that future generations of other active devices will also have conformal coatings to reduce size and weight. In this study we are developing a testbed for evaluating the reliability of active implantable devices under combined environmental conditions and with parylene as a barrier coating for active implantable applications. Table 1 provides some of the environmental conditions that could affect reliability of active implantable devices. Though neither extensive, nor comprehensive, this list contains too many variables to reasonably allow the contribution of each condition to be separated. For the purposes of this study we will limit the number of variables with which we begin the assessment to chemistry, voltage, current density, and geometry.
EXPERIMENTAL SETUP
In order to assess these variables we will look for failures to occur in one of two ways. There will be either a change in the electrical measurements or a failure in the conformal coating. To enable the electrical measurements, we have designed simple passive microcircuits on a silicon chip. Each chip has four circuits with different geometries (Fig.1) : two different line widths (10 µm and 50 µm), and one of each width is a direct line between bond pads, and the other two have multiple corners. This design was chosen to determine whether current density, voltage leakage, shorting, or stress concentration at the corners contributes in any way to reliability issues. For the initial test setup we have wirebonded these chips to a ceramic chip carrier. Follow-up tests will use flexible substrates.
In order to detect whether the parylene coating fails we have seeded the surface of the test coupon with an easily traceable substance. A very thin (< 5 nm) layer of Ag was sputtered over the chip and carrier before it was vapor deposited with parylene (~17 µm thick). Using a mass spectrometer, we are able to easily detect the presence of Ag in the physiological solution down to 0.01 ppm. By sampling weekly we can determine whether the coating has been compromised. The initial integrity of the parylene in the presence of Ag does not appear to be adversely affected due to the thickness of the coating [2] .
Each test coupon is wired to a power source and meter, and the coupon itself resides in a physiological solution. Eighteen coupons, wired in series, are tested at any given time. The current and voltage of the entire series is monitored for changes, with the ability to isolate individual coupons. Multiple test coupons in their individual physiological solution are maintained at 37 °C in a larger warm water bath (Fig. 2) . We are testing three different chemistries at this time (Table 2) to mimic human body fluid and body fluid with the shown elevated levels of H 2 O 2 , and H 2 O 2 and Cl -to mimic a localized immune response. For each chemistry, six coupons are tested for statistical purposes.
DISCUSSION
Components and complete devices are challenged and pass tests and protocols designed to reveal their weaknesses in numerable conditions. Yet failures still occur in active implantable devices despite the extensive care taken by the manufacturers and the Food and Drug Administration to prevent them. One possibility is that these failures are the result not of an isolated condition, but rather of the interaction of more than one environmental condition.
FIG. 1. DESIGN LAYOUT FOR THE TEST CHIP
To test the validity of this hypothesis, we have designed a test bed to evaluate four common conditions. By the very nature of these types of failures, these tests are designed to be long-term, with low failure rates. At the present time, no single set of test conditions has shown to be especially vulnerable. In the next generation of tests, we will include passive components on a flexible substrate and introduce lowamplitude mechanical fatigue.
